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Preface

The Environmental Protection Agency ig promulgating National
Emission Standards for Hazardous Air Pollutants (NESHAPs) for
Radionuclides. An Environmental Impact Statement (EIS) has been
prepared in support of the rulemaking. The EIS consists of the
following three volumes:

VOLUME I - Risk Assessment Methodology

This document contains chapters on hazard
identification, movement of radionuclides through
environmental pathways, radiation dosimetry,

estimating the risk of health effects resulting from
expose to low levels of ionizing radiation, and a
summary of the uncertainties in calculations of dose
and risks.

VOLUME II - Risk Assessments
This document contains a chapter on each radicnuclide
source category studied. The chapters include an
introduction, category description, process

description, control technology, health impact
assessment, supplemental control technoleoagy, and cost.
It has an appendix which contains the inputs toc all
the computer runs used to generate the risk
assessment.

VOLUME III - Economic Assessment

This document has chapters on each radicnuclide source
category studied. Each chapter 1includes an
introduction, industry profile, summary of emissions,
risk 1levels, the benefits and costs of emission
contrels, and economic impact evaluations.

Copies of the EIS in whole or in part are available to all
interested persons; an announcement of the availability appears in
the Federal Register. For additional information, contact James
Hardin at (202) 475-9610 or write to:

Director, Criteria and Standards Division
Office of Radiation Programs (ANR-460)
Environmental Protection Agency

401 M Street, SW

Washington, DC 20460
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INTRODUCTION

The purpose of this report is to analyze the economic factors affecting the regulation of radionuclides
in the twelve categories listed below. For each category, the industry was profiled and analyses
regarding the cost of applying the controls suggested in the Volume II of the Background Information
Document, the cost effectiveness of the controls, and their effect on production costs and on regional
and local economies were performed.

The categories considered were:

The Uranium Fuel Cycle Facilities
Underground Uranium Mines

Inactive Uranium Mill Tailings
Licensed Uranium Mill Tailings
High-Level Waste Disposal Facilities
Department of Energy Facilities
Department of Energy Radon Facilities
Elemental Phosphorus

A I T S

. Phosphogypsum Stacks
10. Coal Fired Boilers

i1. Nuclear Regulatory Commission Licensed and non-DOE Federai Facilities
12. Surface Uranium Mines

The data regarding the control options was developed for Volume II and was incorporated into the
economic analysis. Other economic data was gathered from public available information.

vii






TABLE OF TENT

Page

PREFACE et i e e e s e il
LIST OF PREPARE RS .ttt it iitsscnsaass st saeearsanennansenos v
INTRODUCTION i i s it te sttt et aanrassnan vii
TABLE OF CONTENTS ot ittt ittt tessrssnnensertsatnsnanenaannassssas ix
LIST OF TABLES i i ittt tatvata ettt sranstansassnenenn xviii
LIST OF FIGURES it ittt e e ttees et et st stisaassnson XXix
1. URANIUMFUEL CYCLE FACILITIES . .. .. ittt it ittt r i asasann 1-1
1.1 Introduction and SUMMArY .. ... ...ttt it ennnanrr e seessnn. 1-1

1.2 Industry Profile ... ... ... i e i i e e 1-2

. 1.2.1  Introduchionm . . ...t it ot e st e e e e -2
122 Uranium Mills .. o it ittt i e s e et i e 1-2

1.2.3 Uranium Conversion Facilities . ... ... i it atinananse., 1.2

1.2.4 Fuel Fabrication Facilities . .. ... ..o i ittt ittt v e e 1-5

1.2.5 Light Water Power Reactors .. ... .. ... .ttt iinnnnan . 1-5

1.3 Current Emissions, Risk Levels, and Feasible Controls Methods ............. 1-5

131 Introduction .. .ottt it ittt i et e e e i1-5

1.3.2 Current Emissions and Estimated Risk Levels .. .................. 1-7

1320 Urandum MIlls L ... . i i it i e s e e 1-7

1.3.2.2 Uranium Fuel Conversion Facilities . .................... 1-9

1.3.2.3 Uranium Fuel Fabrication Facilities . .................... 1-9

1.3.24 Nuclear Power Reactors . ... . v i v v v v e et tnnnannnnesss i-13

1.3.3 Control Technologies .. ... ... .0ttt rnannaensans I-13

1.3.3.1 Uranium Mills L .. .o i e s e i I-13

1.3.3.2 Uranjum Conversion Facilities . ......... ..., i-15

1.3.3.3 Uranium Fuel Fabrication Facilities ......... e e e 1-15

1.3.3.4 Nuclear Power Reactors . .. .. v vt vt i nnennnsnnrennen, 1-15

1.4 Industry Cost and Economic Impact Analysis . ............. .00 voarn. i-16
REFERENCES ittt ittt ettt et et ean st 1-17

2. UNDERGROUND URANIUM MINES . ... . ittt ettt s ey 2-1
2.1 IBtrodUCHION o i i e e e e e 2-1

ix



TABLE OF CONTENTS

Page

2.2 Industry Profile ... ... ... .. e 2-1
2201 Demand ...t e e e e e s 2-1

222 Sources of SUDPIY . .. .. i i i e e . 2-2
2221 Domestic Production ...... ..ottt rnaen 2-2

2222 IMPOTES o oot eee s sns e e ettt 2-3

2223 IRVENIOTIBS . . .o v o v it n s v e ne st eaanesanosenaerasssos 2-3

2.2.2.4 Secondary Market Transactions ................ ... ..., 2-3

223 Financial Analysis .. . ... .t ii it i i s e 2-4
2.2.3.1 Homestake Mining COmMpPany ... ... ....ccevreracacansey. 2-4

2232 RICAIZOM ... ... ittt i e e, 2-5

2.2.3.3 Plateau Regources Limited . ... ... ... i, 2-5

2234 Western NUCIEAT . . . oot v v v et e s ssso s cs s n s nnananss 2-5

2.2.4 Industry Forecastand Qutlook .. ......... .. . vy, 2-6
2.2.4.1 Projections of Domestic Production ...............c.cou... 2-6

2.2.42 Near-Term Projections ..............oreeienrnn .. 2-7

2.3 Current Emissions, Risk Levels, and Feasible Control Methods . ............. 2-8
231 INtrodUCHION . . v it ts s e e e e e e e e e e 2-8

2.3.2 Current Emissions and Estimated Risk Levels .. ... ............... 2-8

2.3.3 Control Technologies . ... ...ttt iaaan ey 2-8
9331 Introduction ... ... .. i 2-8

2332 Alternative OMe . . . v vt v ittt ettt s 2-11

2.3.3.3  Alternative TwWo . ..o ittt i it ettt ittt 2-13

2.4 Analysisof Benefits and Costs . ... .. ... i e 2-13
2.4.1 IOtrodUCHION & . . v . . . e e s et ettt e 2-13

242 Least-Cost Control Technologies .. ........ .. . i, 2-13

2.4.3 Benefits of Control Alternatives . ... .. it i e 2-21

244 Costs of Control Alternatives . .. o v v v ittt vt e v e n it e 2-21

2.4.5  Sensitivity Analvsis _ . L. ... .. s 2-21

2.5 Industry Cost and Economic Impact Analysis . .......... ... v, 2-28
251 Introduction . ... .. .. e 2-28

252 Production Cost IMpPacts . ... .o oo v imine i naoerennconanssn, 2-28

2.5.3 Economic Impact Analysis .. ... ... i e 2-28

2.54 Regulatory Flexibility Analysis ......... .. i, 2-30
REFERENCES i et et e e e it ns s e e e 2-31
INACTIVE MILL TAILINGS . . i i it i ittt e e aann 3-1
3.1 Introduction and SUMIMATY . . .. .. .. vttt tvmmneenneensonsvenannssesan 3-1
3.1.1 Rulemaking History and Current Regulations . . ................... 3-1

3.2 Inactive Industry Profile . ... ... .. .. i i i i i e 3-3
321 Current Status of Inactive Mills . .. .. ... .. . i 3-3

3.2.2 Useof Inactive Mill 185 ... v ittt i ettt s et e et e ey 3-3

3.3 Current Emissions, Risks, and Control Methods .. ..., ...... ... oL, 3-5



TABLE OF CONTENT

Page
3.3.1 Current Emissions and Estimated Risk Levels .. ........... ... oan.. 3-6
3.3.1.1 Development of the Radon Source Terms ................. 3-6
3.3.1.2 Demographic and Meteorological Data . .................. 3-6
3.3.1.3 Exposures and Risks to Nearby Individuals . . ... ........... 3-8
3.3.1.4 Exposures and Risks to the Regional Popuiation ............ 3-8
3.3.1.5 Exposures and Risks under Alternative Standards ........... 3-8
3.3.1.6 Distribution of Fatal Cancer risk .. ........ ... ... ... 3-12
3.3.2 Control Technologies ... .. ... inr e 3-12
3.4 Analysisof Benefitsand Costs .. ... ... .o i 3-15
341 Benefits ...ttt et e 3-16
3 S o 1 - T T 3-16
35 Economic Impact AnalySisS . ... .. ...ttt s e 3-25
REFERENCES ot it et e e ettt i e s 3-28
LICENSED MILL TAILINGS ... . i it s c i s s i n o 4-1
4.1 Introduction and SUMMATY . . .. ..ot v vt rv et a oo m et aasas o 4-1
4.1.1 Rulemaking History and Current Regulations . . . .................. 4-2
4.2 Industry Profile . ... .. .. ..o e e 4-3
421 Demand ... .. e e e e e 4-3
4.2.1.1 Uranium Uses . ........ e e e 4-5
4.2.2  Sources of SUPPLY . ..t i e e e 4-i0
42,3 Industry Structure and Performance . .. ........ ... o 4-21
4.2.4 Economic and Financial Characteristics .. ... ... ... 4-24
4241 Employment Apalysis .. ..... ... .o 4-24
4,2.4.2 Community Impact Analysis . ............. ... o 4~26
4243 Financial Analysis ... ... ..ottt 4-27
425 Industry Forecastand Qutlook .. ....... ... . i, 4-31
4.2.5.1 Projections of Domestic Production .................... 4-33
4252 Near-Term Projections .. ........cocercei i nnnn 4-34
4.2.6 Evaluation of Forecasts and Uranium Market Demand . ............ 4-36
4.2.6.1 Domestic Uranium Resources . .. .........c it 4-36
42.6.2 Total Electricity Generation . . . ... ..o vt s 4-42
4.2.6.3 Employment Projections ............... ot 4-44
4.3 Current Emissions, Risks, and Control Methods . ......... ... ovn .. 4-47
4.3.1 Current Emissions and Estimated Risk Levels ................... 4-49

4,3.1.1 Methodology for the Assessment of Risks
from Operating and Standby Mills .. ............. ... ... 4-49

4.3.1.2 Methodology for the Assessment of

Post-disposal Risks ... ... it it i i 4-53

4.3.1.3 Methodology for the Assessment of Risks
from New Impoundments. ... ... ..o rrmrncnenrrnsas 4-56

xi



TABLE OF CONTENT

Page

4.3.1.4 Exposures and Risks from Operating and
Standby Mills ... ... i e 4-56
4.3.1.5 Post-disposal Exposures and Risks .. .......... e 4-59
4.3.2 Technologies for Long-term Post-disposal Emission Control ... ... ... 463
4.4 Analysisof Benefits and COSES . ... oottt iiin e oensnenanns 4-65
4.4.1 Benefits and Costs of Reducing Allowable Limits From 20 pCi/mz/sec . 4-66
4.4.1.1 Benefits of Reducing the Allowable Limits . .............. 4-66
4.4.1.2 Costs of Reducing the Allowable Limits . ................ 4-67
4.4.2 Benefit And Costs of Reducing Allowable Emissions During Qperations 4-73
4.4.2.1 Methods of Reducing Allowable Limits to 20 pCi/m</sec . ... 4-73
4.4.2.2 Benefits of Reducing Allowable Limits to 20 pCi/m%/sec . ... 4-75
4.42.3 Costs of Reducing Allowable Limits to 20 pCi/m2/sec ...... 4-75

4.4.3  Analysis of Benefits and Costs of Promuligating Future Work

Practice Standards . . . . .. . i i e e e 4-77
4.4.3,1 Work Practices for New Tailings Impoundments .. ......... 4-80

4.4.32 Comparison of Control Technologies for
New Tailings Impoundments ............ .. ..., 4-81
4.4.3.3 Benefits of Promulgating Future Work Practice Standards . ... 4-82
4.4.3.4 Costs of Promulgating Future Work Practice Standards ... ... 4-89
4.5 Economic IMpacts . .. .. it it e e e e 4~95
4.5.1 Increased Production COSt . .. . .. .ttt i 4-95
4.5.2 Regulatory Flexibility Analysis ... ... ... ... i 4-98
REFERENCES e et i s et e et s e e e e e, 4-101
HIGH-LEVEL WASTE DISPOSAL . ... ittt ittt i ar e 5-1
5.1 Introduction and SUMMArY . . ... ..ottt a e in vt st e 3-1
5.2 Industry Profile ... ... .. . ... i i e 5-1
S2.1  INtrodUCHION . . .. v vttt ittt e i e e s 5-1
5.2.2  Facilities for the Ultimate Disposal of High-Level Waste ............ 5-2
5.2.2.1 The Waste Isolation Pilot Plant (WIPP} ... ................ 5-2
5.2.2.2  Yucca Mountain Geologic Repository .................... 5-2
52.3 Demand for High-Level Waste Storage .............. ... .. cuu.n 5-2
5.2.4 Supply of High-Level Waste Storage ............ ..o nveann. 5-3
5.3 Current Emissions, Risk Levels and Feasible Control Methods .............. 5-3
531 Introduction . ... ... ..ttt e e e e 5-3
5.3.2 Current Emissions and Estimated Risk . .. ... ..... ... ... v 5-3
5.3.3 Control Technologies .. ... .. ... it ianenans 5-4
5.4 Analysisof Benefitsand Costs . ... .. .. it et i s 5-4
541 Introduction .. ... ...ttt e e e e e 5-4
5.4.2 Least-Cost Control Technologies . .......... ... i irnnn, 5-4

xii



TABLE OF CONTENTS

Page

543 Healthand Other Benefits .. ... .cu it n et 5-5

5.5 Industry Cost and Economic Impact Analysis . .... ... ..., 5-5
REFERENCES i i iieat et s atssnssnsosnnsnnaoens 5-8
DEPARTMENT OF ENERGY FACILITIES . .. . ...ttt i i ietacaanns s 6-1
6.1 Introduction and SUIMMATY . ... ..t v s r it et ntesarinsssvanreraas 6-1
6.2 Industry Profile . ... ...t iiunneearncrer oot nans 6-1
6.3 Current Risk Levels, and Feasible Control Methods . .............. ... ... §-3
631 Introduction .. ...t v ittt ettt et 6-3

6.3.2 Facility Descriptions . . ... vttt te it 6-3

6.3.3 Control Technologies ... .. .. ... it inrmsertoioisnnns 6-6

6.4 Analysis of Benefitsand Costs .. ... . ...ttt 6-1
6.4.1  IntroduCtion . ... ..o i it v ae ta et st e s 6-7

6.42 Costof Control Technologies . . .. .. vttt enenes 6-7

6.4.3 Healthand Other Benefits .. ............ ... ..., e 6-10

6.5 Industry Costand EconomicImpacts . ........... iy 6-11
REFERENCES ittt it e it et e et it e et s st aaeas 6-12
DEPARTMENT OF ENERGY RADONSITES . . .. .. .. i i 7-1
7.1 Introduction and SUMMATY . .. . ..ttt ittt e et ts e n st e 7-1
7.2 Industry Profile . ... ... ..t e it 7-1
7.2.1 Feed Materials Production Center (FMPC) .. ... ..... ... vt 7-2

7.2.2  Niagara Falls Storage Site (NFSS) . . . .. ... .. it 7-2

7.2.3 Weldon Spring Site (WSS) . .. .. ... i i 7-2

7.24 Middlesex Sampling Plant (MSP) . ... ... ... ity 7-3

7.2.5 Monticello Uranium Mill Tailings MUMT) Pile .................. 7-4

7.3 Current Emission, Risk Levels, and Feasible Control Methods .............. 7-4
7.3.1  INtrodUCHION . .. vt vt i sttt s e e a e m et as e esaas 7-4

7.3.2 Current Emissions and Estimated Risk Levels .. .................. 1-4
7.3.2.] BEMPC . . i ittt st s e i e 7-4

7.3.2.2 NFSS ittt tiir et it taas st ias s 7-7

7.3.2.3 WSS L.t et e e e 7-7

7.3.24 MSOP ... e 7-7

7.3.2.5 MUMT ..ot ittt e e e ey 7-8

7.3.3 Control TechnologIeS ... ... cvvveurnecnnnnrroanaesanansson 7-8

7.4 Analysisof Benefitsand Costs . ........ ... it 7-9
7.4.1 Costs and Benefits of Meeting Various Radon Flux Rates ........... 7-9
F4.1. ] FMPC . . i e e e it st r e 7-10



TABLE QF CONTENTS

Page

40,2 NESS . it e e e e e 7-10

T 0.3 WS .. e e 7-10

TAA A MO .. i e e e 7-14

TA1.8 MUMT ..ot i ettt it e s 7-14

7.4.2  Sensitivity Analysis . . .. ... ... e e 7-14

7.5 Industry Cost and Economic Impact Analysis . ................ . oo 7-15
REFERENCES it it it st e et ettt 7-19
ELEMENTAL PHOSPHORUS PLANTS . . ... i e i e v e e e e 8-1
8.1 Introduction and SUMMArY . .. . ittt it it e s st e 8-1
8.2 Industry Profile .. ... .. ... e 8-3
821 Demand . ... e e et e §-3

8.2.2  SUDPDIY i e 8-7
8.22.1 Monsanto COmMPANY . . v v vt vt v nre e s i en it ae s 8-10

8.222 FMC Corporation .......... ...t enrennsna. 8-13

8.2.2.3 Rhone-Poulenc (Stauffer) ......... .. i 8-13

8.2.2.4 Occidental Petroleum Corporation . .................... 8-18

823 Competitive Products and Processes . .. ......... ... .. 8-18

824 Fconomic and Financial Characteristics .. .... ... v v, 8-20

B. 2.4l PIICES . e e e e 8-21

8242 Employment ... .. ...t e s 8-21

8.2.5  OUtloOKk .. e e e e e e e 821

8.3 Current Emissions, Risk Levels, and Feasible Control Methods . ............ 8-24
8.3.1  Current Emissions and Estimated Risk Levels ................... 8-25
8.3.1.1 Process Description .. ...ttt in e e tnnr oo nnsans 8-25

8.3.1.2 Existing Efffuent Controls . .......... .. . .. 8-26

8.3.1.3 EmMiSSIONS ..t i vttt it et e e 8-26

8.3.2 Control Technotogies for Elemental Phosphorus Plants . ............ 3-31

8.3.3 Cost of Control Technologies . . . ... ... ...t 8-32
8.3.3.1 Venturi Scrubber Cost Assumptions ........... e 3-33

8.3.3.2 Wet ESP Cost ASSUIMPLIONS . . . .\t v v et v i v nne e v aanas s 8-34

8.3.3.3 SD/FF Cost Assumptions . ... .... .. it rvnarnneonan 8-34

8.3.3.4 HEPA Filter Cost ASSUmMPLIONS ... ... ...t ennnnnnn 8-35

£.3.4 Emissions Control AHErnatives .. ... ... v e arirnnnnnreaanns 8-36

£.3.5 Performance of Control Alternatives ............ ..ot ra 8-38

84 Analysisof Benefitsand Costs . ... ... ... . i 8-39
8.4.1 Benefits of Po-210 Emissions Control . ...... ...t rnaran 3-39

8.4.2 Costsof Po-2I0 Emissions Control . ............ ..ot vennen, 8-50

8.4.3 [Estimates of Benefits and CoStS . ... ... vt i i it e 8-56

8.4.4  Alternatives for Ample Margin of Safety for Elemental Phosphorus ... 8-64

Xiv



TABLE OF CONTENTS

Page

8.5 ©Economic Impact Analysis . .......... ... ..o e e et re e §-70
B51 Production COStS . . . v v o it ittt esseoacss e 8-72
85.1.1 Componentsof Cost .......... it inrnveranen 8-72

8.5.1.1.1 Phosphate Rock ......... .o ciiiimninnnnenn 8-74

8.5.1.1.2 CoKe ..o ittt ittt e 8-74

8.51.1.3 Electricity ... ittt it e 8-74

8.5.1.14 Labor . .. ..o v ittt i it s i 8-76

8512 TotalCostsPerPlant ... ... ...t ncananns 8-76

8.5.2 Measuring Economic Impacts ............ ... §-76

8.5.3 Regulatory Flexibility Analysis . ......... oot 8-83
REFERENCES ittt ittt iis s s aansensssncsenssanasensansas 8-86
PHOSPHOGY P PSUM STACK S ... it ittt ettt tas it e e s taeasen 9-1
9.} Introduction and SUMIMATY . . .. ..ot v vttt it e te oo tnnannnsaressanss 9-1
9.2 Imndustry Profile . . ... .. . . . .. i i i e 9-1
9.2.1 Characteristics of Phosphoric Acid Production . ................... 9-3
9.2.}1.1 Determinants of Phosphoric Acid Supply .......... e 0-3

0.2.1.2 Products .. .. v i ittt it sieem et e 9-22

9.2.1.3 US. Phosphate Producers . . .. .. .o v vt innivnrrnnaanes g-22

92.1.4 Employment ., .. ... ...ttt 9-33

922  Characteristics of Phosphoric Acid Demand .. ................... 9-35
9221 Determinants of Domestic Demand .................... 9-35

9.2.2.2 Determinants of Foreign Demand . . .. ..... ... ..., ..., 9-39

§.2.2.3 World Demand for U.S. Phosphate Exports . . .......... ... g-41

0224 Demand FOTECASIS .. .ot i v v e een s et ennsanneernaenns 9-48

923 Other ISSUeS . ...t i it ittt et s iaeaa s tniss ey 9.52
0231 SUBSHEULES . ...ttt ie i v n s 9.52

92.3.2 Alternative Uses for Phosphogypsum ................... 9-53

9.3 Current Emissions, Risk Levels and Feasible Control Methods . ............ 9-59
9.3 INtrodUCHION . .. ittt ittt e e e 9-59

9.3.2 Physical Attributes of Phosphogypsum Stacks .................... 9-60
9.3.2.1 Designand Construction . ...........oveunvuaecrannnn 9-60

9.3.2.2 Radon Emissions from Uncontrolled Stacks .............. 9-60

9323 RisksDuetoControlled Stacks . . ... ..o v it 9-62

933  FeasibleControlMethods .. ........ ... i, e e 9-62
9.3.3.1 Descriptionof Controls ....... ..o, 9-62

9332 Costsof Controls . ... i it ittt et i i mnaeatnnn 9-67

9.3.3.3 Emission Reductions DuvetoControls . .................. 9-68

93.34 Reductionof RiskDuetoControls . . ..........ovv.us 9-69

Xv



00
to >

10.

TABLE OF CONTEN

Page
9.4 Analysis of Benefits and COStS .. ......conrian it 9-69
941 INtrodUCHON . .. oot vt vt i et a e e o 9-69
042 Least-Cost Control Technologies for Affected Plants .............. 9-69
6.4.3 Health Benefits of Controlling Radon Emissions . . ................ 9-72
9.44 Health Benefits and Cost Estimates ... ... .. ..o 9-72
0.4.5 Sensitivity Analysis . ... ...ttt e 9-78
9.5 Industry Cost and Economic Impact Analysis . .......... ... ooininn. 9-78
05,1 IntrodUCHION ... ..o v vt i r e reettnnssstaenansnnceessnnnssss 9-78
952 Production Costs and Market Prices . . ........ .ot vn.n. 9-79
9.5.3 Measuring Economic Impacts . ............ . iy 9-85
9.5.3.1 Background ...................................... 9-85

9.5.3.2 Changes in Quantity of P,0 ed
Due to Control Requ:remenstspm.dl.m ...................... 9-86
9.5.3.3 Methodology for Estimating Economic Impacts . ........... 9-87

9.5.3.4 Other Impacts of Radon Control

Requirements on the U.S. Economy . ................... 9.93
9.6 Regulatory Flexibility Analysis . .......... i G-95
G6.1 IntroduCHOm . .. 0 ittt ittt e et 9-95
G.6.2 Small BUSINESS . . . vttt ittt ittt et e e 9-95
96.3 Small Government ERHItIES . ... v\t i ettt v e 9-95
APDPENAIX A e e e 9-Al
AppendiX B e et 9-B1
REFERENCES ittt te ittt e et e e et s i 9-96
COAL-FIRED BOILERS . .. .. i ittt i ettt v s r s e ca e 10-1
10.1 Introduction and SUMIATY . . . .. v it er it c it v aasnnra e sa s as 10-1
10.2 Industry Profile .. ... ... i e 10-1
I0.2.1 Demand . ... ... et i e e 10-2
10.2.2 SuPDlY e e e e 10-2
10.2.3 Industry Structureand Profile . ....... .. ... ... .. [0-2
10.3 Current Emissions, Risk Levels, and Feasible Control Methods . ... ......... 10-6
10.3.]1 INtroductiOn . . v v v vttt em ettt s e en st ae e 10-6
10.3.2 Current Emissions and Estimated Risk . . ... ..... .. .. .ot 10-6
10.3.3 Control Technologies . ........ ..t nenrnaneseansns 10-6
10.4 Analysis of Benefits and Costs .. ... ... i e 10-8
10.4.1 Introduction . .. .. . ittt ieecennintcnasrscnenaneneanans 10-8
10.4.2 Least-cost Control Technologies ............................ 10-11
10.4.3 Healthand Other Benefits . . ... ... 0.ttt nnenan 10-11
10.4.4 Estimates of Benefitsand Costs . .. ... ... ittt on 10-11

xvi



11

12.

TABLE OF CONTENT

Page
REEFERENCES it it itninirninsnanasanenrsssasnasassssnanns 10-17
NRC-LICENSED AND NON-DOE FEDERAL FACILITIES .................. il-]
11.1 Introduction and SUmMMArY . ... .. ittt intu o n s ooy 11-1
11.2 Industry Profile ... ... ... . .t i it 1i-2
11.3 Current Emissions, Risk Levels, and Feasible Control Methods . ............ 11-3
1137 INtroduction .. ..o v v et iie e inee et s s aaaara e 11-3
11.3.2 Current Emissions and Estimated Risk Levels ................... 11-3
11.3.3 Control Technologies .. .........v.ue it mrrnranaareaeiass 11-6
11.4 Analysisof Benefits and CostS . . ... .o v it o int i e 11-7
11.5 Industry Cost and Econpomic Impact .. ... .. .. vt iiane ... 11-7
REFERENCES ittt e e s ee s aa st 11-10
SURFACE URANIUM MINES ... ... .ttt e e 12-1
12.1 Introduction and SUMMALY . ... .. ... it et e e 12-1
12.2 IndUuStry Profile .. oot 12-1
12.2.]1 Introduction . .. .ot v ittt e e e e e e e 12-1
[12.2.2 Demand for Uranitm . ... ... ittt it ia st naatnennaaenn 12-1
1223 Supplyof Uranium . ... . ...ttt 12-2
12.3 Current Emissions, Risk Levels, and Feasible Control Methods . . ........... 12-7
124 Analysis of Benefits . ... ... . i i i e e e [2-7
12.5 Industry Cost and Economic Impact Analysis . ........ ... ... . vias. 12-7
REFERENCES ittt et eaaan e e 12-8

xXvii



Table

1-1

1-4

1-5

1-6

1-7

2-1]

2-2
2-3

2-4

2-5

2-6

2-7
2-8

2-9
2-10
2-11

LIST OF TABLE

Uranium Mills Licensed by the Nuclear Regulatory Commission .. ...........
Uranium Mil Capacity {Tens of Oreper Day) .. ... ... o it
Light Water Commercial Fuel

Fabrication Facilities

Licensed by the NRC as of June, 1987 .. ... .. ... i,

Fatal Cancer Risks from Atmospheric Radioactive Emissions from
Uranium Fuel Cycle Facilities . .. ... ... i i et

Atmospheric Radioactive Emissions Assumed for References
Dry and Wet Process Uranium Conversion Facilities . . . ..................

Fatal Cancer Risk Due to Atmospheric Radioactive
Emissions - Uranium Conversions Facilities . . .. ... ... ..

Fatal Cancer Risks due to Atmospheric Radioactive Emissions -

Uranium Conversion Facilities . . . . ... ... .t it
Currently Operating Underground Uranium Mines

inthe United States . .. ...t it i it et et et e e

Current Risk Levels due to Radon-222 . ... .. . . ittt taaaan

Alternative I: Measures taken and their effects on
Maximum Exposed Individuals ... ... ... . i i e

Alternative 2: Measures taken and their effects on
Maximum Exposed Individuals . ... ... ... . . e

Alternative 3; Measures taken and their effects on
Maximum Exposed Individuals . ... ... i e e

Matrix of MIRS as Stack Height and Emissions at
Pigeon MIRes Vary .. .. . ittt n i i r st ei e a ey

Pigeon Mine, Summary of Risk Reductionsand Costs .. .................

Matrix of Costs of Various Combinations of Stack
Height and Shut-down Times for Pigeon Mine . . .. ..... ... ... .. .. .....

Health Benefits due to Alternative ONE . . .. vt ittt ittt ettt eie e e e
Heaith Benefits due to0 Alternative TWO . ... .. ittt it e

Health Benefits due to Alternative ThIee . ... .. .0t i ittt innnenanon

xviii



3-2

3-3

3-4

3-5

3-7

3-8
3-9
3-10
3-11

4-1

4-2

LIST OF TABLES

Page
Costs of Alternative Qe . . ... ittt ittt n s e et a ittt eanceras 2-25
Costs of Alternative Two . ..ttt it i it ettt st sa i anean s 2-26
Costs of Alternative THree . ...t vt v ettt tae e s e e st tnaeenannsen 2-26
Number of Miners and Shifts per Day by Mine ........................ 2-29
Number of Miners and Mining Operations by County ................... 2-29
Status and Planned Remedial Action at Inactive
Uranium Mill SIS . . .ttt ettt it e et e et e e 3-4
Summary of Radon-222 Emissions from Inactive
Uranium Mill Tailings Disposal Sites . ... ... .. . .. 3-7
Estimated Number of Persons Living Within 5 km of the
Centroid of Tailings Disposal Sites for Inactive Mills . . ................... 3-9
Estimated Exposures and Risks to Nearby Populations
Assuming Alternative Flux Rates ... ... ... ... 3-10
Estimated Fatal Cancers Per Year in the Regional (0-80km)
Populations Assuming Alternative Flux Rates . ......... .. ... 0. 3-11
Estimated Distribution of Fatal Cancer Risks to the Regional
(0-80km) Populations Assuming Alternative Flux Rates .................. 3-13
Total and Annualized Risk and Reduction of Risk
(Committed Cancers) of Lowering the Allowable Limit
to 6 pCi/m2/sec and t0 2 PCI/MZ/SEC « . o\ o v e v ettt et ie e 3-17
Costs of Achieving the Doe Approved Design Flux . .................... 3-19
Costs of Achieving the 6 pCi/mZ/sec Option . ...ttt i, 3-20
Costs of Achieving the 2 pCi/mz/sec (¢T3 Ts + LN 3-21
Incremental Present Value Costs of Lowering the Allowable
Limit to 6 pCi/m%/sec and to 2 pCi/m%/SeC .. o vee i iaaae e ennnen, 3-22
Incremental Annualized Cost of Lowering the Allowable Limit
06 pCi/mZ/sec and to 2 pCi/mz/sec ................................ 3-23
Status of [U.S. Nuclear Power Plants as of December 31, 1986. .............. 4-6
Deliveries of Uranium to DOE Enrichment
Plants by Domestic Utilities . ... ... ... .. it i 4-7

xix



4-4

4-5
4-6
4-7
4-8

LIST OF TABLES

Exports of Uranium (Thousand Short Tonsof Uz0g) ....... ...t

Average Contract Price and Market Price Settiements for
Actual Deliveries 1982-1086 . . .. . . ... ittt it i s

Historical Nuexco Exchange Values (Nominal Dollars Per Pound of U,QOg)
Prices for Foreign-Origin Uranium .. ........ .. i,
Total Uranium Concentrate Production, 1947-1986 ... ........ ... ... ...

Production of Uranium Concentrate by Conventional
Mills and Other Sources, 1974-1986 (Short Tons U308) ..................

Uranium Mill Capacity (Tons of Ore Per Day) .. ........ ... ...

Import of Uranium Concentrate for Commercial Uses,
1974-1986 (Short Tons U,Og) . ... .o

U.S. Commercially-Owned Uranium Inventories as of
December 31, 1984, 1985, and 1986 (Short Tons U304 Equivalent) ..........

Capital Expenditures, Employment, and Active Miils;
Conventional Uranium Milling Industry . ... ... .. ..o ..

Operating Status and Capacity of Licensed Conventional
Uranium Mills as of June, 1989 . .. . .. . i ittt i eee e

Employment in the US. Uranivm Milling Industry by State . ..............
Financial Statistics of Domestic Uranium Industry, 1982-1986 .............
Homestake Mining Company Uranium Operations, 1982-198¢ .............
Rio Algom Uranium Operations, 1981-1986 . . ... ... ... i
Annual and Projected Domestic Production of Yellowcake 1980-2000 ... ... ..
Projected Nuclear Power Capacity (Reference Case) . .. .. ... ... .. ........
Domestic Uranium Resources Endowment (Thousands of Short Tons) ........

Projections of Consumption of Electricity from
Domestic 9-235 in 2000 Under the Reference Case Scenario .. .............

Average Annual Percentage Change in Electricity Consumption,
19872000 i e

XX



4-24

4-25

4-26

4-27

4-28

4-29

4-30

4-31

4-32

4-33

4-34

4-35

4-36

4-37

4-38

4-39

LiST OF TABLES

Bage
Average Annual Percentage Change in Per Capita
Electricity Consumption, 1987-2000 . ........ ... ..t nn. 4-46
Employment Projects 1987-2000 (Person Years) ... ... .o v 4-48
Summary of Operable Tailings Impoundment Areas
Radium-226 Content at Operating and Standby Mills . .. ................. 4-51
Summary of Radon Source Terms Calculated for
Operable Mill Tailings Impoundments . .......... ... 4-52
Estimated Number of Persons Living Within 5 km of the
Centroid of Tailings Impoundments of Licensed Mills ................... 4-54
Summary of Uranium Mill Tailings Impoundment Areas, Flux
Rates, and Post-UMTRCA Radon-222 Release Rates . . ... ............... 4-55
Estimated Exposures and Risks to Individuals Living Near
Operable Tailings Impoundments with No Controls. .. ................... 4-57
Estimated Fatal Cancers per Year in the Regional (0-80km)
Populations Around Operable Tailings Impoundments .. ................. 4-58
Estimated Distribution of the Fatal Cancer Risk to the
Regional Populations from Operable Tailings Piles . . ... ................. 4-58
Estimated Exposures and Risks to Nearby Populations
Assuming Alternative Flux Rates ... ... ... ...ttt 4-60
Estimated Fatal Cancers per Year in the Regional Populations
Assuming Alternative Radon Flux Rates ... ... .. ... .. .. i, 4-61
Estimated Distribution of Fatal Cancer Risk to the Regional
Populations Assuming Alternative Flux Rates . ............ ... .. .. .. .. 4-62
Total and Annualized Risk and Reduction gf Risk of Lowering
the Allowable flux Limit to 6 and 2 pCi/m®/seC . . . .. . it it et i e e s 4-68
Costs of Achieving the 20 pCi/m2/sec Option
(1988 Dollars, MIIHONS) .. .o ittt e e e et s e e s et e 4-69
Costs of Achieving the 6 pCi/m2/sec Option
(1988 Dollars, MillIONs) . . . o .t it it et i et et e e e 4-70
Costs of Achieving the 2 pCi/m2/sec Option
(1988 Dollars, MIIOn) . ... it it it et et e ce e 4-71
Incremental Present Value Cost of Lowering the Allowable
Limit to 6 pCi/m2/sec and 2 pCi/m2/sec .
{1988 Dollars, 1989 through 2088) . .. ... .. .. i i 4-72

xxi



4-40

4-41
4-42A
4-42B
4-43
4-44
4-45
4-46
4-47
4-48
4-49
4-50
4-5)
4-52

4-53

4A-]

5-1

LIST OF TABLES

Bage
Incremental Annualized Cost of Lowering the Allowable
Limit to 6 pCi/m2/sec and 2 pCi/m2/sec
{1988 Dollars, 1989 through 2088) . ... ... .. .. i i e 4-74
Risks and Reduction of Risks for Continued Operations
at 20 pCi/mZ/sec .............................................. 4-76
Earth and Water Cover Required to Achieve
Emissions of 20 pCi/mz/sec ...................................... 4-78
Cost of Earth Cover and Water Required to
Achieve Emissions of 20 pCi/ mz/Sec ................................ 4-79
Estimated Total Cost For New Tailings Control
Technology (Millions of 1985 Dollars) .. ... .. ... i, 4-84
Radon-222 Emissions and Emissions Reduction
Resulting From Alternative Work Practices (kCi) ... ....... ... .. ... ... 4-85
Radon-222 Risks and Reductions of Risks Resulting
From Alternative Work Practices {Committed Cancers) . .................. 4-88
Costs For a Single Cell Partially Below Grade
New Model Tailings Impoundment .. ....... . ... i, 4-90
Costs For a Phased Design Partially Below
Grade New Model Tailings Impoundment . .......... ... .. . ... 4-91
Caosts For a Continuous Design Partially
Below Grade New Model Tailings Impoundment ................ ..., 4-92
Summary of Net Present Values of Alternative
Work Practices (Millions of 1988 Dollars) . . .. .. .o oo i i i it it i i i 4-93
Summary of Annualized Costs of Alternative Work
Practices (Millions of 1988 Dollars} .. ... ... ... .. 4-94
Comparison of the Present Value of the Estimated Cost
of Impacts with Selected Financial Statistics of the
Domestic Uranium Industry: 1982-1986 . ... ... .. .. .. . .. 4-97
Impacts on the Electrical Power Industry . . ... oo i vt i i n ittt i s e e 4-99
Electrical Generation by NKRC Region, 1987 .. ... ... ... . s 4-100
Calculation of Cost of Water Required to Reduce Allowable
Emissions t0 20 PCI/MB/SEC . v v v v v e et e e et e e e e e e 4-105

Emissions and Risks from Nermal Operation at

XXii



6-2
6-3

6-4

7-1

7-2

7-3

7-4

7-5

7-6

7-7

7-8

8-1

§-2

8-3

8-4
8-5

8-7

LIST OF TABLES

Page
HIW Disposal Facilities ... .. .ot er et i vn o oneasranasses 5-4
Department of Energy Facilities . ... .. ... ...t 6-2
Summary of Estimated Risks Around DOE Facilities ..................... 6-4
DOE Facilities Fatal Cancer Risks With and Without Supplementary
Alternative 4 Controls . . . . . i ittt ittt ettt e e 6-8
Controls, Risk Reduction, and Costs Associated with
Meeting Alternative 4, by Facility .. ... ... i 6-9
Exposures and Risks to Nearby Individuals From DOE Radon Sites .......... 7-5
Estimated Fatal Cancers Per Year; in the Regional (0-80km)
Populations Around DOE Radon Sites .. ....... .. . i, 7-6
Costs and Reduced Risks Resulting from Covering the Sources
to Lower Radon Flux Rates to 20 pCi/m2/sec .. ... ... ... ... o iun.. 7-11
Costs and Reduced Risks Resuiting from Covering the Sources to Lower
Radon Flux Rates t0 pCI/M2/SeC . . .. o ittt i e i e e e 7-12
Costs and Reduced Risks Resulting from Covering the Sources
to Lower Radon Flux Rates to 2 pCi/m2/sec . ... ... . i 7-13
Reduction in Emissions and Cancer Rates Attributable
to Controls: U.S. Totals . . .. i e e e e 715
Incremental Costs and Risk Reductions for Various
Flux Standards . ... ... e e 7-16
Net Present Value of Cost of Supplemental Contracts to Meet
a Flux of 20 pCi/m2/sec at DOE Radon Facilities:
13 0 J0a '+ Y | 7-18
Production and Shipment of Elemental Phosphorus -- 1964-1987 (tons) ....... 8-4
Uses for Phosphorus Chemicals .. ... .. ... it it i 8-3
Elemental Phosphorus Producers and Estimated Capacity .................. 8-8
U.S. Capacities for Phosphorus and Phosphorus Chemicals - 1985 . ........... 8-9
Elemental Phosphorus Production Capacity . ... .. ... ..o 8-11

Revenues from Elemental Phosphorus Production and Total Corporate Revenues 8-12

Elemental Phosphorus Market Share: Monsanto .. ........ . vy 8-14

xxiii



§-8
8-9
8-10

§-22

§-23
8-24

8-25

8-26

§-27

8-28

LIST OF TABLES

Monsanto’s Position in Phosphorus Markets -~ 1984 . . .. ... ... .. ... ...
Elemental Phosphorus Market Share: FMC ... ...... .. .. .. .. ...
FMC's Position in Phosphorus Markets - 1984 . ... ..... ... .. ... .. .. ...,
Elemental Phosphorus Market Share: Stauffer ... ......................
Stauffer’s Position in Phosphorus Markets ... ... .. ... . i,
Elemental Phosphorus Market Share: Occidental .. ............. ... ...,
Occidental’s Position in Phosphorus Markets - 1984 .. .. ... ... ............
Average Price Range -- Phosphorus -- White . ........................
1987 Employment by State for the Elemental Phosphorus Industry . .........
Radionuclide Emissions from Calciners at Elemental Phosphorus Plants . . ... ..
Estimated Annual Radionuclide Emissions from Elemental Phosphorus Plants .,

Populations and Distances to the Maximum Exposed Individuals Around
Elemental Phosphorus Plants . .. ... ittt it ettt e e

Fatal Cancer Risks from Radionuclide Emissions from Elemental Phosphorus
2811

Distribution of Lifetime Fatal Cancer Risk in the Regional (0-80 km)
Population Around Cperating Elemental Phosphoros Plants . . ... ...........

Distribution of Lifetime Fatal Cancer Risk in the Regional (0-80 km)
Population Around Idle Elemental Phosphorus Plants . ...................

Estimated Po-210 and Pb-210 Emissions at the Scrubber/ESP Inlet . .. .......

Cost of Alternative Control Systems and Efficiency of Polonium-210
Removal: Industry Totals . ... ... . ... ... B I

Cost of Alternative Control Systems and Efficiency of Polonium-210
Removal at FMC's Pocatello, Idaho, Plant . ... .. ... . i an

Cost of Alternative Control Systems and Efficiency of Polonium-210
Removal at Monsanto’s Soda Springs, Idaho, Plant ... ...................

Cost of Alternative Control Systems and Efficiency of Polonium-210
Removal at Stauffer’s Mount Pleasant, Fennessee, Plant ... ...............

Cost of Alternative Control Systems and Efficiency of Polonium-210
Removal at Stauffer’s Silver Bow, Montana, Plant ... ... .. ... ...c0nver..

xxiv



8-29

8-30
8-31

8-31a

8-32

8-33

8-34

8-35

8-36

8-37

8-38

8-39

3-40

8-41

8-42

8-43

8-44

LIST OF TABLES

Cost of Alternative Control Systems and Efficiency of Polonium-210
Removal at Occidental’'s Columbia, Tennessee, Plant .. ..................

Estimated Po-210 Emission Levels Achieved by Control Alternatives ........

Fatal Cancer Risks from Radionuclide Emissions from Elemental Phosphorus
Plants and Risk Reductions from Alternate Control Technologies . ...... e

Reduction in Fatal Cancer Risks to Nearby Individuals and to Regional
Populations for Each Alternate Control Technology .....................

Control Technology Costs and Estimated Po-210 Emission Rates
at FMC’s Pocatello, Idaho, Plant ... .. ..... ... .. i,

Control Technology Costs and Estimated Po-210 Emission Rates
at Monsanto’s Soda Springs, Idaho, Plant . .. ... ..... .. .. i

Control Technology Costs and Estimated Po-210 Emission Rates
at Stauffer’s Mount Pleasant, Tennessee, Plant . ............. e e

Control Technology Costs and Estimated Po-210 Emission Rates
at Stauffer’s Silver Bow, Montana, Plant .. ... ... . i,

Control Technology Costs and Estimated Po-210 Emission Rates
at Occidental’s Columbia, Tennessee, Plant ... ...... . ... . ... . oo

Least-Cost Control Alternatives Required t¢ Meet Various Emissions
Standards with Subsequent Emissions and Risks, by
Plant -- FMC = Idah0 . . . .ottt it e e i e et e e et e s e

Least-Cost Control Alternatives Required to Meet Various Emissions Standards
with Subsequent Emissions and Risks, by Plant -- Monsanto - Idaho ........

Least-Cost Control Alternatives Required to Meet Various Emissions Standards
with Subsequent Emissions and Risks, by Plant -- Occidental - Tennessee

Least-Cost Control Alternatives Required to Meet Various Emissions Standards
with Subsequent Emissions and Risks, by Plant -- Stauffer - Montana .......

Least-Cost Control Alternatives Reqguired to Meet Various Emissions Standards
with Subsequent Emissions and Risks, by Plant -- Stauffer - Tennessee ......

Total Annualized Costs of Alternative Emissions Standards:
Sum of Al Operating Plants . ... .. ... ... ittt et

Total Incidence with Alternative Emissions Standards:
Sum of All Operating Plants . ... ... ... . ...ttt

Alternatives for Ample Margin of Safety for Elemental Phosphorus Plants,

XXV



8-44a

§-45
8-46
§-47
8-48
§-49
§-50
8-51

9-1

8-2

9-3
9-4

9-3

9-9

9-10
9-11
9-12

LIST QF TABLES

Page
According to Various Emissions Levels ... ... . oot g8-65
Alternatives for Ample Margin of Safety for Elemental Phosphorus Plants,
Using Different Contrel Technologies . ..... ... ... .oy 8-68
Cost of Elemental Phosphorus . .. .. ...t i ittt 8-73
Costs of Phosphate Rock Used in Phosphorus Production ........... ... ... 8-75
Costs of Electricity Used in Phosphorus Productions . ............ ... ..., §-77
A1 30 o -3 - O S 8§-78
Summary of Cost Estimates, by Plant . ... ... .. ... .. i, 8-79

Revenues from Elemental Phosphorus Production and Total Corporate Revenues 8-82

Impact on Capital Expenditures . . .. .. ... it 8-84

Production of Phosphoric Acid, Wet Process Phosphoric Acid,

and Phosphate Fertilizer Metric TONs . . . . . .. .. o i ittt it i it aa 9-4
Price of Phosphoric Acid, Sulfur,

Phosphate Rock and Diammonium Phosphate . . ... ... ... ... . o 9-8
Phosphate Fertilizer Production CoSts . ... ..o ittt oo i s 9-10
Phosphate Rock Statistics on World

Supply Rock Mining Capacity . . ... . vt v v it e st 9-13
Phosphate Rock Statistics on World

Supply Demonstrated Rock Reserves ... ... oot 9-14
UJ.S. Sulphur Recover Trends 1980-1985 .. ........ e e e 9-21
Financial Condition of Phosphate Industry . ... ... ..o oo 9-25
Producers of Phosphate Rock, Wet Process Phosphoric,

and Phosphate Fertilizers (Thousand Metric Tons Per Year) ............... 9-26
Capacities of Major Phosphoric Acid Producers, Estimates

for 1988/89 (Metric Tons Per Year) ... ... ..t nionnnersnn 9-27
Operating Rates for U.S. Fertilizer Producers . ... .......... ... .. ... 9-28
Employment in the Phosphate Industry (Thousands) . .................... 9-34

U.S. Exports of Phosphate Fertilizers
{Thousand Metric Tons, Thousand DoHars} ............... ... .. ..., 9-45

xxvi



9-16
9-17
9-18

9-19
9-20
9-21
9-22
8-23

9-24

9-25

10-1
10-2
10-3
10-4
10-5
10-6

10-7

LIST OF TABLES

Pape
Trade in Phosphate Products by Major Exporter, 1981-1984
Phosphate Fertilizer (Metric Tons, P,0.) ... ... ooiiiin, 9-47
Summary of World Phosphate Fertilizer Demand Forecasts
(Million Nutrient Metric Tons P,0Og) ........ ... . i, 9-49
Forecasts of Fertilizer Demand by Region and
Source, 1995-2000 . . ... .. .. e e 9-51
Y02 Vel Ol o2 1 g1+t L=] £ - S U §9-61
Radon Flux Rates by Regional Group ... ...... ... ... ... G-63
Incremental Cancer Risks Associated With Exposure
to Radon Emitted From Phosphogypsum Stacks with No Controls ... ....... 9-64
Control Parameters for Representative Stacks .. . .. ... .. . i 9-66
Reduction in Risk to the Most Exposed Individual . ... ... ... ............ 9-70
Reduction in Risk to Population Within 80km of Stack . . ................. 9-71
Cost Effectiveness of Contrel in Terms of Emission Reductions . ........... g-73
Cost of Controlling Radon in Dollars Per 1000/MT of
Plant Capacity, Annualized Over A Five Year Peried . ... ......... ... .. .. 9-80
World Market Share of U.S. P,0. Producers Exports in Absence of
Radon Control Measures in 10208 MT (Lower Phosphate Rock Cost) ......... 9-89
World Market Share of U.S. P,0: Producers Exports in Absence of
Radon Control Measures in 10203 MT (Higher Phosphate Rock Cost) ... . ... .. 9-50
Coal Ash Distribution by Boiler Type .. ... i e i i0-4
Numbers and Capacities of Industrial Boilers . ... ... ... .. ... i0-5
Typical Uranivm and Thorium Concentrations in Coal . ... ............... 10-7
UJ-238 Emission Factors for Coal-Fired Utility Boilers . . . ................ 10-9
Th-232 Emission Factors for Coal-Fired Utility Boilers ................ 10-10
Estimated Radiation Dose Rates from Large Coal-Fired Utility Boilers ... ... i0-12
Estimated Radiation Dose Rates from the Reference
Coal-Fired Industrial Boiler .. .. ... . .. . it et e e nnnan 10-13



10-8

10-9

11-1
11-2

12-1
[2-2

12-3

LIST OF TABLES

Page
Estimated Distribution of the Fatal Cancer Risk to the Regional
(0-80km) Populations from All Coal-Fired Utility Boilers ...... e 10-14
Estimated Distribution of the Fatal Cancer Risk to the Regional
{0-80km) Populations from All Coal-Fired Industrial Boilers ............. 10-15
NRC Licensed and Non-DOE Facilities Fatal Cancers Per Year ............ 11-4
Costs and Benefits for Controls on the Two Scurces
for Which Controls are Required . .. ... ... .. . ittt 11-8
Number of Significant Production Surface Uranium Mines by State . ........ 12-4
Reasonably Assured Resources by Mining Method
At the End of 1986 in the U.S. (million pounds of U30,) . ....... ... ... ... 12-5
United States and Selected Foreign Uranium Resources as of End of 1986. . ... 12-6

XXViil



Eigure
2-1
3-1
4-1
4-2
4-3
9-]
9-2
9-3
9-4
9-5

12-1

LIST OF FIGURES

FPage
Costs of Controls by Stack Height ... ... i 2-19
Cost of Lowering the Allowable Flux . ........ ... ... i 3-24
Sources of Uranium Supply . . oot i i e 4-37
U.S. Uranium Production . ... ..« e e 4-37
Model Impoundment Emissions (kCi/Year) ......... ..., 4-86
Price of P,Og and Related Products . .........oovvniniiiii e 9-7
Uses for Phosphoric Acid, 1985-86 ... ... . ... . . .. i 9.23
United States Fertilizer CONSUMPHION . . . o v vttt ittt it e e 6-38
U.S. P205 Exports (Lower Rock COsts8} . ... v, 9-92
U.S. P205 Exports {Higher Rock Costs) .. ... ... vy 9-92
Uranium Production U.S. Open-Pit Mines and Total Output . .. ............ 12-3

XXix






CHAPTER 1
URANIUM FUEL CYCLE






{. URANIUM FUEL CYCLE FACILITIES

}.1 Introduction and Summary

The uranium fuel cycle involves six types of major industrial facilities, These major facilities
include:

o Uranium mills

o Uranium hexaflouride conversion facilities
o Uranium enrichment facilities

o Fuel fabricators

o Light-water power reactors

o0 Fuel reprocessing plants

Releases of radioactive materials from these sources are subject to the limits established by 40 CFR
190. A comprehensive evaluation of the potential public health impacts of the release of radioactive
materials into the ambient air from the uranium fuel cycle was prepared by the EPA and a list can
be found in Volume 2 of this Final Environmental Impact Statement [EPA89]. The uranium
enrichment facilities are discussed in Chapter 6, "Department of Energy Facilities." Fuel reprocessing
plants are not discussed since there are currently no operating fuel reprocessing plants in the United
States. The remaining four types of facilities are discussed below.

This chapter will provide a brief industry profile, estimates of emissions and associated risk levels,
discussion of feasible emission control methods, and an economic impact analysis. The risk to
regional populations (persons living within 80 km of the source) from the four facility types covered

T are estimated to be equivalent to one fatal cancer every one hundred years. Risk to

in this chapter
both regional and national populations are estimated to be equivalent to one fatal cancer every ten

years [EPASS],

1Excluding radon emissions from uranium mill tailings.
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1.2 Industry Profile

1.2.1 Introduction

The four major components of the uranium fuel cycle inciuded in this chapter are uranium mills,
uranium conversion facilities, fuel fabrication facilities, and nuclear power facilities, These facilities
are licensed by the Nuclear Regulatory Commission (NRC) or the Agreement States. Each of these
four facility types are briefly described below, More detailed descriptions for some may be found
in complementary chapters for uranium mill tailing piles and uranium enrichment plants. A fifth
major component, uranium enrichment facilities, are owned by the Federal government and operated
by contractors under the direction of the Department of Energy (DOE). Enrichment facilities are
considered in Chapter 6.

1.2.2 Uranium Mills

A detailed profile of the uranium mill industry is contained in Chapter 4: "Licensed Uranium Mili
Tailings." Although there are 27 uranium mills within the U.S., only four were operating in 1988.
Of the remainder, eight were on standby, fourteen were being decommissioned and one was never
operated. The four operating mills have a total capacity of 9,600 tons of ore per day, reflecting a
decline in capacity from 50,000 tons per day in 1981 when 21 plants were in operation, {Tables 1-
[ and [-2 present data on milling capacity and the recent capacity trends}. These developments are
due to a combination of }) rising imports and 2) declining demand resulting from cancellation of
nuclear power plant construction projects. Domestic production of yellowcake, the product of
uranium milling, is expected to increase over ten percent by the year 2000, but short-run forecasts
of domestic production call for a continuing decline {DOE87b]. The financial strength of the
industry has weakened considerably since its peak demand vears in late 1970’s and early 1980"s. The
industry was unprofitable for three of the past five years.

1.2.3 Uranium Conversion Facilities

There are two commercially operating conversion facilities in the United States. These facilities
purify uranium oxide or yellowcake to uranium hexafluoride (UFG), the chemical form of the
uranium entering the enrichment plant. The two conversion facilities are the Allied Chemical
Corporation facility at Metropolis, Illinois and the Kerr-McGee Nuclear Corporation at Sequoyah,
Oklahoma. The Allied plant is a dry process plant with a capacity of 12,600 metric tons per year and
has been operational since 1968, while the Kerr-McGee plant is a wet process plant with a capacity
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Table I-}:

as of December I, 1988

Licensee

American Nuclear
Anaconde

Atlas Minerals
Bear Creek Uranium
Bodum Resources
Chevron Resources
Conoco-Pioneer
Cotter

Dawn Mining
Exxon

Exxon Minerals
Homestake Mining
BP American
Minerals Exploration
Pathfinder Mines
Pathfinder Mines
Petrotomics
Plateau Resources
Quivira

Rio Alogm

TVA

Umetco Minerals
Umetco Minerals
Umetco Minerals
UNC Mining
Western Nuclear
Western Nuclear

STATUS CODES:

LI ]

L B e

SOURCE: [EPA89)

Facility Operating
Facility Shutdown
Facility Being Decommissioned
Facility Built, Never Operated

Location

Gas Hills, WY
Bluewater, NM
Moab, UT
Converse Co., WY
Marquez, NM
Panna Maria, TX
Falls City, TX
Cannon City, CO
Ford, WA

Ray Point, TX
Converse Co., WY
Grants, NM
Seboyeta, NM
Sweetwater Co., WY
Gas Hills, WY
Shirley Basin, WY
Shirley Basin, WY
Shootaring, UT
Ambrosia Lake, NM
La Sar, UT
Edgemont, SD
Gas Hills, WY
Blanding, UT
Uravan, CO
Church Rock, NM
Jeffrey City, WY
Wellpinit, WA

Rated
Capacity
(tons/day)

950
6000
1460
2000
2000
2500
3400
1200

450
3200
3400
1600
3000
2500
1700
1500

750

750
1400
2000
1300
3000
1700
2000

PROCESS CODES:

Eluex

~1 N LA B B
LI 1 T | N < I

1-3

Acid Leach
Alkaline Leach
Solvent Extraction
Carbonate Leach

Caustic Precipitation
Column ion exchange

Uranium Mills Licenses by the U.S, Nuclear Regulatory Commission

Status
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Table [-2: Uranium Mill Capacity (Tons of Ore per Day)

" Operating Total
] Capacity Capacity
Total Operating Utilization Utilization

Year Capacity Capacity Rate Rate
i981 54,050 49,800 23% 77%
1982 55,050 33,650 74% 45%
1983 51,650 26,250 58% 33%
1984 48,450 19,250 64% 25%
1985 47,250 6,550 78% 11%
1986 42,650 11,650 32% 9%

Source: (DOE 87 )

1-4



of 9,100 tons per year that has operated since 1970 [AEC74, DOE88]. It is anticipated that the
existing uranium conversion plants will be able to accommodate the future demand for uranium by

nuclear power plants.

1.2.4 Fuel Fabrication Facilities

There are seven licensed uranium fuel fabrication facilities in the United States, but only five were
actively operating as of January 1, 1988, Table 1-3 lists and describes the seven facilities. Light
water reactor {LWR) fuels are fabricated from uranium which has been enriched in the U-235
isotope. The uranium hexafluoride, UFG, is processed to increase the U-235 content from 0.7
percent up to two to four percent by weight. The enriched uranium hexafluoride product is shipped
to the LWR fuel fabrication plant where it is converted into solid uranium dioxide pellets and
inserted into zirconium tubes that are fabricated into fuel assembilies for use in nuclear power plants.
Two of the five operating facilities use enriched uranium hexafluoride to produce fuel assemblies,
while two use uranium dioxide. The fifth facility converts UFg to UO, and recovers uranium from
scrap materials generated in the various processes at the plant. There are two processes used to

convert UF¢ to UOZ - a wet process, ammonium diuranate, and a dry process, direct conversion.

1.2.5 Light-water Power Reactors

There are 102 operable commercial nuclear power reactors in the United States., Of these,
approximately two-thirds are pressurized water (PWR) and one-third are boiling water reactors
(BWR) [NN88].

The future of the nuclear power industry in the United States depends on the demand for electricity,
interest rates, prices of alternative fuels, environmental concerns, the regulatory climate, and public
attitudes. The probable range of nuclear power capacity by the year 2000 is estimated to be from
100 to 110 plants.

1.3 Current Emissions, Risk Levels, and Feasible Controls Methods

§.3.1 Introduction

The emission rate for a facility will depend on the source and the control system currently in use.
Risk levels depend on the emission levels, release points, demographic and meteorological factors and
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9-1

Table 1-3: Light dater Commerciel Fuel Fabrication Facilities Licensed by the Nuclear
Regulatory Commission as of June, 1987.

1980 Operating
Process Used Operating License
Facility to Convert Capacity as of
Licensee Location Operations UF6 to U2 Final Product (tons/year) June 1987
Advanced Richland, LEU &/ Conversicn pry & Wet Complete Fuel 650 KO
Nuclear Washingten (UFé to uo2), Assemblies
Fuels Fabrication & Scrap
Recovery; Commercial
LWR Fuel
Babcock & Lynchburg, LEU Fabrication; Use L0Z2 Powder 250 YES
Wilcox - Virginia Commercial LMR Fuel -—- to Produce Fuel
CNFP Assemblies
Babcock & Apollo, Authorized Decontam- Wet U2 Powder 250 HO
Wileox Pennsylvenia inatieon; Pending
Nuclesr Reactor
Service Operations
Combustion Windsor, LEU Fabrication; Use UO2 Powder (150) YES
Engineering Connecticut Commercial LWR Fuel - to Produce Fuel
Assemblies
Combustion Hematite, LEU Conversion ory Uo2 Powder 150 YES
Engineering Missouri (UF6 to LOZ) &
Scrap Recovery
General Wwilmington, LEU Conversion Dry & Vet Complete Fuel 1,500 YES
Electric North Carolina (UF6 to LO2) & Assemblies
Fabrication;
Commercial LWR Fuel
Westinghouse Cotumbia, LEU Conversion Dry & Wet Complete Fuel 750 YES
Electric South Carolina (UF6 to U02); Assemblies
Fabrication & Scrap
Recovery; Commerciasl
LWR Fuel
TOTAL 3,300

a8/ lLow enrichment uranium

Source: LEPABY)



the pathways for exposure or ingestion. Estimates of exposure and lifetime Fatal cancer risks to
nearby individuals and to those within an 80 kilometer radius serve as the basis for the risk
assessments. The risks are summarized in Table 1-4 for both nearby and regional populations
[EPARY].

1.3.2 Current Emissions and Estimated Risk Levels

§.3.2.1 Uranium Mills

Emissions of radionuclides from uranium mills include those created during ore storage and milling
processes, and those emitted by the mill tailings. Radon emissions from mill tailings piles are
discussed in Chapter 4 of this volume and are not considered in this chapter.

Emissions from ore storage result from the drying of the are and its subsequent entrainment by wind
or from transfer operations. The milling process includes the crushing and grinding of ore and the
leaching of uranium from the ore through either acid or alkaline processing, depending upon the
lime content of the ore. The precipitate that is formed is then dried in large ovens and packaged for
transport. After the uranium product that can be extracted by leaching is separated from the ore,
the remaining ore is pumped as slurry to a tailings impoundment area. A portion of the liquid is
recovered and recycled, while the remainder is allowed to evaporate, producing a solid tailings pile
composed of a sand fraction and a slime fraction, Active tailings piles contain both wet and dry
areas. Ag sections dry out, the tailings can become a source of windblown dust. The dried slime
component is particularly prone to becoming windborne due to its small particie size. The process
steps that generate the significant emissions (other than radon from tailings piles) are crushing,
drying, and packaging. Ninety percent of the U-234 and U-238 are released from the dryer area,
while the Th-230 and Ra-226 emissions result primarily from operations such as crushing,

Emissions for this source category are analyzed in detail in Chapter 4 of Velume 2 of the
Environmental Impact Statement, including a description of the basis for the site-specific and model
facilities used to assess the airborne releases of radionuclides from uranium mills, Also presented is
information on the source term, meteorological, and demographic assumptions. Site-specific source
term, meteorological, and demographic data for each of the four operating mills and for six of the
seven mills on standby, were supplied as input to the assessment codes. A model mill was used for
the assessment of doses and risks from the tailings piles of inactive mills. Outputs of the codes

include estimates of: dose equivalents to the most exposed individuals {mrem/y}; lifetime fatal
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Table 1-4 Fatal Cancer Risks from Atmospheric Radioactive Emission from Uranium Fuel
Cycle Facilities (Excluding Radon from Tailing Piles)

Highest Individuai Regional (6-80 km)
Lifetime Fatal Population

Facility Cancer Risk Deaths/y
Uramvm Mills

Ambrosia Lake 2E-7 3E-5

Homestake 2E-4 2E-3

La Sal 2E-6 3E-5

Lucky Mc 1E-7 TE-6

Panna Maria 3E-6 5E-5

Sherwood 1E-6 8E-5

Shirley Basin 6E-7 9E-5

Shootaring 2E-7 TE-7

Sweetwater 7E-7 2E-5

White Mesa 6E-7 2E-5

Model Inactive Tailings 2E-4 1E-4

Total 2E-3

Uranium Conversion

Dry 3E-5 SE-4

Wet 4E-5 6E-4
Fuel Fabrication 4E-6 8E-5
Nuctlear Power Reactors

Pressurized

Water Reactors 3E-6 7E-4

Boiling Water

Reactors 5E-6 1E-3
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cancer risk to the most exposed individuals; dose equivalents to the regional (0-80 km} population
{person-rem/y); and the number of cancer deaths in the regional population per year of operation
{deaths/year).

The fatal cancer risks are summarized in Table 1-4 for both nearby and regional populations affected
by either operating or closed mills. The total deaths per year in the 80 km regional population for
uranium mill segment of the source category is estimated to be 2E-3.

1.3.2.2 Uranium Fuel Conversion Facilities

Twao processes are used to convert uranium oxide to uranium hexaflouride. The dry hydrofluor
process generates higher uranium emissions than the solvent extraction process since large amounts
of dust are produced in the sampling, pre-treatment, and reaction stages. The solvent extraction
process releases uranium as both soluble and insoluble aerosols which are vented to the environment.
The atmospheric emissions used in the risk assessments for the reference dry and wet conversion
facilities are shown in Table 1-3. The plant parameters utilized are specific to each plant [NRC 84,
NRC§5b]. Table 1-4 shows fatal cancer risks due to atmospheric radioactive emissions. The risk to
nearby individuals of fatal cancer is estimated at 3E-5 and 4E-5 for the dry and wet processes,
respectively. The lifetime risk to the regional population is 8E-4 and 6E-4 fatal cancers per year for
the dry and wet processes, respectively (see Table 1-6). The total risk for all uranium conversion
facilities is estimated to be 1E-3 fatal cancers per year of operation in the regional populations, with
3 total of about 900,000 persons.

1.3.2.3 Uranium Fuel Fabrication Facilities

A model fuel fabrication facility was developed to estimate the risks associated with this class of
facilities. The Westinghouse plant at Columbia, South Carolina was used as the basis for the model
facility for most emissions.

Table 1-7 shows the expected emissions from the model plant. The climatological and demographic
data utilized are representative of the area proximate to the Westinghouse Facility at Columbia,
South Carolina which was the basis for the model piant. The predominant exposure pathway is via
inhalation, primarily of U-234. On a regional basis the risk of fatal cancers is estimated to be 8E-
5 per year of operation. The total risk for an assumed industry of five operating fuel fabrication
facilities is approximately 4E-4 fatal cancers per year.
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Table 1-5 Atmospheric Radioactive Emissions Assumed for Reference Dry and Wet Process
Uranium Conversion Facilities.

Emissions  Solubility  Class  (%)®
D W Y

Facility Process Radionuclide (Ci/year)

Allied Corp. Dry U-Nat 31(") 0.10000 56 30 14

Metropolis, IL Th-230 0.00050 0 0 100
Ra-226®) 0.00001 100 0

Sequova Fuels Wet U—Nantr i) 0.050 65 5 30

Sequova, OK Th-230LC 0.005 0 0 100
Ra-226( 0.005 0 100 0

(@)

Solubility classes D, W, and Y refer to the retention of inhaled radionuclides in the lungs;
representative half-times for retention are less than 10 days for class D, 10-100 days for class
W, and greater than 100 days for class W, and greater than 100 days for class Y.

®) Particle size 3.4 um.

() Particle size (um) % (Average: 1980-1984)

4.2 to 10.2 9.3
21tod?2 9.7
1.3 t0 2.1 5.5
06910 1.3 6.5
0.39 to 0.69 13.5
0.00 w0 0.39 55.3

SOURCE: [EPA 89]



Table 1-6 Fatal Cancer Risks due to Atmospheric
Uranium Conversion Facilities

Radioactive Emissions-

Nearby Regional (0-80 Km)
Individuals Lifetime Population
Process Fatal Cancer Risk Deaths/Year
Dry 3E-5 8E-4
Wet 4E-5 6E-4

Source: EPA 89
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Table 1-7 Fatal Cancer Risks due to Atmospheric Radioactive Emissions-
Uranium Conversion Facilities
Nearby Reglonal (0-80 Km)
Individuals Lifetime Population
Process Fatal Cancer Risk Deaths/Year
Dry ‘3E-5 8E-4
Wet 4E-3 6E-4

Source: EPA 89
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